Asymmetry of the alpha subunit of the chloroplast ATP synthase as probed by the binding of Lucifer Yellow vinyl sulfone.
The catalytic portion of the chloroplast ATP synthase (CF1) is structurally asymmetric. Asymmetry of the otherwise symmetrical alpha3beta3 heterohexamer is induced by the presence of tightly bound nucleotides and interactions with the single-copy, smaller subunits. Lucifer Yellow vinyl sulfone (4-amino-N-[3-(vinylsulfonyl)phenyl]naphthalimide-3,6-disulfonic acid) rapidly and covalently binds to lysine 378 on one alpha subunit [Nalin, C. M., Snyder, B., and McCarty, R. E., (1985) Biochemistry 24, 2318-2324] [Shapiro, A. B. (1991) Ph.D. Thesis, Cornell University, Ithaca, NY). The asymmetrical binding of Lucifer Yellow to CF1 provides a method to investigate the cause of asymmetry in the alpha subunits. The reaction of CF1 with Lucifer Yellow was monitored by total fluorescence of bound Lucifer Yellow as well as by quantitative determination of Lucifer Yellow bound to the tryptic peptide that contains lysine 378 of the alpha subunit. The total binding of Lucifer Yellow to CF1 was not affected by the presence of tightly bound nucleotides or nucleotide in the medium. Neither the total binding of Lucifer Yellow to CF1 nor the reaction of alpha-lysine 378 with Lucifer Yellow was changed by the removal of the epsilon subunit, the delta subunit, or both subunits. The extent of incorporation of Lucifer Yellow into lysine 378 of the alpha subunit in (alphabeta)n was about three times that of Lucifer Yellow incorporation into CF1. Reconstitution of (alphabeta)n with gamma restored the binding of one Lucifer Yellow per alpha3beta3gamma. Therefore, the interactions between gamma and the alphabeta heterohexamer are important in conferring asymmetry to the alpha subunits of CF1.